A methylene chloride extract of the pulp of Annona muricata L. was fractionated in search for scarcely functionalized Annonaceous acetogenins (type E). Previously known C-35 and C-37 mono-epoxy unsaturated compounds, epomuricenins-A and -B (1+2) and epomusenins-A and -B (3+4), were obtained. Two new mono-epoxy saturated C-35 representatives, epomurinins-A and -B (5+6) were also isolated.
Introduction
Annona muricata L., a fruit tree growing in tropical and sub-tropical areas, is one of the main cultivated species of the genera, whose fruit is consumed either raw of after processing. This foodstuff is suspected of being implicated in the occurrence of atypical parkinsonian syndromes in the French West Indies [1, and see 2 in this issue]. The presence of Annonaceous acetogenins (ACGs) [3] [4] [5] of various polarities was assessed in the pulp, from which annonacin, the main neurotoxic candidate in the species, was isolated [6] . In the course of this chemical investigation, existence of precursors of THF-bearing ACGs (i.e., ACGs of type E) was suspected, but could not be ascertained, from observations with Kedde reagent-visualized thin layer chromatography (see Experimental section) or
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RP-HPLC-UV. MALDI-TOF MS (Matrix-Assisted Laser Desorption Ionization Time-of-Flight Mass
Spectrometry), although successfully used as a new sensitive screening technique for ACGs, also proved unsuitable for a definitive identification of this particular group [2] . These ACGs generally exhibit moderate inhibition potential of mitochondrial complex I [3, 7, 8] , and thus have doubtful significant neurotoxicity [9] . However, as Annonaceae fruit pulps have been largely understudied so far (fruit pulps were addressed in only ~0.3% of peer-reviewed publications concerning ACGs!) [2] , we pursued fractionation with a phytochemical and chemotaxonomic aim, focusing on these ACGs of weak polarity.
Results and Discussion
Isolation and structural determination
A classical purification process of a CH 2 (Figure 2 ). Two series of characteristic, intense fragments on the EIMS spectrum [3] , at m/z 321, 308, 307, 295 and at 293, 280, 279 and 267 suggested the existence of two isomers 1 and 2, allowing localization of epoxy ring at C-15/C-16 or at C-13/C-14, with the double bond location thus being C-19/C-20 or C-17/C-18, respectively. These compounds were identified, by comparison with spectral data from the literature, as being epomuricenin-A (1, epoxymurin-A) and epomuricenin-B (2), respectively ( Figure 3 ) [12] [13] [14] . The same mixture had been previously obtained in our laboratory, from the seeds of the species [10, 12, 13] . Confirmation of the identity of 1+2 was obtained using RP-HPLC, by coinjection with an authentic sample. Comparison of the optical rotation for 1+2 and the authentic sample suggested a S stereochemistry at C-34. Epomuricenin-A and -B were first isolated as a mixture in the seeds of A. muricata [10] . Epomuricenin-A was also obtained from the bark of the species, under the name epoxymurin-A, in a mixture with epoxymurin-B (epoxymurin-B bears an epoxide in positions C-17/C-18 and unsaturation in positions C-13/C-14) [14] . Characteristic EI-MS fragments of this last molecule were not observed, excluding its presence in the 1+2 mixture.
Isolate 3+4 (15 mg) was similarly identified as being a mixture, constituted of epomusenins-A (3) and -B (4) (Figure 3 ). Molecular mass was determined as 558 by CI-MS ([M+H] + : m/z = 559), corresponding to the molecular formula C 37 H 66 O 3 . 1D and 2D NMR data were quasi-identical to that of 1+2, suggesting an ACG bearing an unsaturated butyrolactone, no hydroxyl group, an epoxide and an olefinic group separated by two carbon atoms. The EI-MS spectrum provided evidence for the existence of the two isomers, and allowed location of the epoxide and therefore of the double bond respectively at C-17/C-18 (m/z 336, 335, 323) and C-21/C-22 for epomusenin-A, and at C-15/C-16 (m/z 308, 307, 295) and C-19/C-20 for epomusenin-B. These molecules had been previously isolated in our laboratory as a mixture from the roots of the plant [13] . Confirmation of the identity of 3+4 was thus obtained by co-injection in RP-HPLC and by comparison of spectral data with that of the literature [13, 15] . Optical rotation measurement suggested, as previously, a S-configuration for C-36. Epomusenins-A and -B were first described in the fruits of Rollinia mucosa [15] . (Table 1) as above showed for this ACG the presence of an α,β-unsaturated γ-lactone moiety without a hydroxyl group at the C-4 position and of an epoxy ring (multiplet integrating for two protons at δ 2.92 ppm). No 1 H-NMR signals for a double bond could be observed, as suggested by the 2 amu difference with epomuricenins-A and -B (1+2). EI-MS showed 5+6 to be a mixture, evidencing the presence of two compounds differing in the position of the epoxide group, at C-15/C-16 and at C-13/C14 for 5 and 6, respectively (Figure 4) . Compounds 5 and 6, which we named epomurinins-A and-B are, to our knowledge, the first non-olefinic mono-epoxy ACGs described to date. They therefore are the first representatives of group 2b, in regard to the classification proposed by Bermejo et al. [4] in which group 2 (now proposed as group 2a) encloses mono-epoxy olefinic ACGs (type E-A) and group 
Figure 4. Key EI-MS fragmentation of ACGs (5+6).
Experimental
General
Optical rotations were measured with a Schmidt-Haensch Polartronic I polarimeter. UV spectra were obtained in MeOH on a Philips PU 8720 spectrometer. IR spectra were recorded on a Bruker Vector 22 spectrometer. EI-MS spectra were recorded on an Automass multi (Thermo Finnigan, France), and CI-MS spectra with a Nermag-Sidar spectrometer. 1D [12, 13] in the course of previous studies.
Plant material
A. muricata L. fresh ripe fruits (soursop; 50 kg) were purchased on a market in Dakar (Senegal). Seeds and pericarps were carefully removed and pulp was lyophilized (final mass: 1.4 kg).
Extraction and isolation
Pulp was extracted with CH 2 Cl 2 in a Soxhlet apparatus (10 L, 5 d). After solvent evaporation, an oily yellow residue, of strong and characteristic soursop odour, was obtained (14 g; yield: 1%; 280 mg/kg of fresh fruit). 13 g of this extract were chromatographed on silica gel 60 (AcOEt/iPrOH 9:1 1:9) to give eight fractions (F1 to F8). Fraction F1 (4.5 g) was subjected to CC on Sephadex [12, 13] suggests an S configuration for C-34. However, absolute configurations for C-13/C-14/C-15/C-16 remain ambiguous; Mixtures of epimers for 5 and 6 can be suspected [16] , this uncertainty remaining for the majority of epoxy-ACGs [4] .
Conclusion
Isolation of type E Annonaceous acetogenins 1 to 6 offers a new insight into chemical composition of the fruit of Annona muricata, in relation to its probable role in the occurrence of sporadic atypical Parkinsonism in tropical areas. This result also suggests that fruit pulp might be a place for biosynthesis of ACGs and for their "maturation" into THF-bearing representatives such as annonacin. Epomurinins-A (5) and-B (6), the first "naked" mono-epoxy ACGs (proposed as group 2b ACGs), are minor compounds. Biogenesis of type-A (mono-THF) ACGs is proposed to result from oxygenation steps from dienic representatives [3, 17] . In the hypothesis that ACGs 5 and 6 are not end-products, they might be precursors of several THF-bearing ACGs. To undergo such a fate, 5 and 6 would require further reduction ( group 2a -type E-A), epoxidation ( group 3 -type E-B) then hydratation steps, yielding type A ACGs ( Figure 5 ) [3,17, and see 12] . Occurrence of these compounds would therefore illustrate the apparently poorly specific sequential distribution of biosynthetic steps [17, 18] towards biologically efficient ACGs [3, 4] . 
